Introduction
This article is only in an outline stage and needs much more work, which I will attempt to supply.
The development of Modern Physics in the late 19th and 20th century is based upon several famous experiments that revealed revolutionary aspects of physics, which were unsuspected, and amazing. One of the most important was the Stern-Gerlach Experiment, which showed that the intrinsic angular momentum of the electron had only two discrete values and strange properties, namely that the result of an experiment depends upon the detector.
The experiment consisted of an enclosure containing heated vaporized silver atoms that escape out of a small hole and form a beam passing between two magnetic pole pieces. The two pole pieces were of different shapes causing a nonuniform field between then. It had been found that the structure of atomic spectral lines had a fine structure, and it was speculated that this might be caused by the electrons having not only an orbital angular momentum with discrete values of energy, but also a additional angular moment due to the electrons spinning on their own axis. Since they contain charge the spinning would cause little electric currents and so give them an intrinsic magnetic dipole moment. In a uniform magnetic field they would experience a torque, but no net force because the dipole in effect has two opposite poles, one north and the other south with opposite directed forces. So the electron magnetic moment should only cause a rotation but no net deflection with respect to the fixed magnet. However, in the case of a nonuniform magnetic field, one can show that a dipole will experience a net force (see Eisberg) . Classically the atoms, and the electrons in the atoms should experience random deflections in a continuum. The atoms collide with a screen on the far side of the magnet and register a pattern. So this should produce a pattern on a vertical line on the screen. However, only two dots on the screen were observed, one up and one down. When the magnet was rotated, the dots were also rotated, so that the deflection was only up or down with respect to the fixed magnet. This phenomenon demonstrated that electrons have an intrinsic property called spin. Although the idea came from a classical model of a charged spinning ball, there is no evidence that it is due to any classical spinning. In fact if it were such a spinning ball then the pattern would not rotate as the magnet is rotated and it would not have just an up or down deflection with respect to the magnet. So this is a quantum phenomena.
Electrons are said to be spin one half particles and are fermions, and two fermions can not be at the same place or state at the same time (Pauli exclusion principle). In contrast photons are Bosons and many can be in the same state simultaneously).
The experiment was done with uncharged atoms because a charged particle will experience a Lorentz force and be circularly deflected by a magnetic field, and this would mask the behavior due to the intrinsic magnetic moment of the electron. Of course each atom is composed of many electrons, so one might think that the deflection of the silver atoms should be quite complex. A later experiment was done with just electrons and verified this result for electrons, this later experiment, known as the blah blah experiment, somehow negated the deflection effect of the electron's electric charge. The Bohr model also had assigned an obitual angular momentum for the electron. We need also an explanation of why this does not affect the experiment.
At any rate this experiment resulted in the conception of quantum mechanical spin and a quantum theory of spin. This was formulated using Heisenberg's matrix mechanics rather than Schrödingers wave mechanics. Spin is represented by Pauli spin matrices, which are 2 by 2 complex matrices.
Atoms passing through a nonuniform magnetic field experience a splitting of spectral lines, and show that the electron must have an intrinsic angular momentum or spin. The particle is detected only in two distinct deflections, up or down with respect to the magnetic field. This is one of the origins of the idea that in quantum mechanics a particle is detected in a definite state only when it is sensed by a detector. This is the so called collapse of the wave function.
The SternGerlach experiment was performed in Frankfurt, Germany in 1922 by Otto Stern and Walther Gerlach. At the time, Stern was an assistant to Max Born at the University of Frankfurt's Institute for Theoretical Physics, and Gerlach was an assistant at the same university's Institute for Experimental Physics.
Otto Stern, who was born on February 17, 1888 and died on August 17 August 17, 1969 was a German physicist and Nobel laureate in physics.
He was awarded the 1943 Nobel Prize in Physics, the first to be awarded since 1939. He was the sole recipient in Physics that year, and the award citation omitted mention of the SternGerlach experiment, as Gerlach had remained active in Nazi-led Germany, while Stern being Jewish fled Nazi Germany.
Walther Gerlach was born on August 1, 1889 and died on August 10 1979.
Arnold Sommerfeld
Arnold Johannes Wilhelm Sommerfeld, ( born December 5, 1868 died 26 April 26,1951) was a German theoretical and mathematical physicist who pioneered developments in atomic and quantum physics. His PhD students made up a large part of the famous German physicists that pioneered the new modern physics and quantum mechanics in the first half of the 20th century.
He investigated the newly discovered splitting of spectral lines and introduced the spin quantum number. He investigated the change in spectral lines in the Bohr theory if the Bohr orbits where elliptical rather than circular.
Sommerfeld was involved heavily in mathematical developments at the University of Göttingen, was an assistant to the famous German mathematician Felix Klein, as well as interacting with David Hilbert. Sommerfeld wrote a multi-volume work on the gyroscope with Felix Klein. He had originally decided to be a mathematician, and had studied pure mathematics extensively, and was covered to physics by the mathematician Felix Klein who himself became quite interested in applied mathematics. Thus Sommerfeld became a great expert on mathematical physics, and made great contributions to the emerging field of quantum mechanics in the 20's and 30's. Sommerfeld was well placed to investigate the magnetic moments and spin, since there is an analogy to spinning tops and gyroscope theory.
Professor Eckhard Hellmuth of the UMKC Chemistry department told me that he remembers Sommerfeld from physics meetings in Germany. Eckhard originly was a physicist and came to UMKC to be involved in polymer chemistry. He says that UMKC was a leading University in this polymer field then. He also knew Linus Pauling well and had Pauling visit UMKC three times, and furthermore is devoted to orange juice and vitimin C because of Pauling. Sommerfeld wrote a six volume work on theoretical physics, which I think I largely read many years ago. Eckhard told me that he studied differential equations from volume five.
A Preview of Other Famous Experiments
The Franck-Hertz Experiment: atoms have non-continuous energies occurring only in discrete quanta Using an electron tube filled with mercury vapor, mercury atoms are shown to absorb mechanical energy in quanta of 4.9 electron volts.
The Compton Effect Experiment: photons are particles The collision of photons and electrons shows that photons are particles. The deflected photon has a single changed frequency, which depends on the angle of deflection.
The Davisson-Germer Experiment: particles have wave-like properties The scattering of electrons by a nickel crystal shows that electrons have wave like properties and thus produce interference effects. This validates the DeBroglie relations
Cockcroft-Walton Experiment From the Noble Prize statement: "John D. Cockcroft and Ernest Walton at the Cavendish Laboratory in Cambridge, England, sought a way into the nucleus through a prediction of quantum mechanics. George Gamow had suggested that a particle with too little energy to overcome the electrical repulsion of the nucleus through the barrier. (The trick was that the energy of the particle was not actually welldefined, according to Heisenberg's Uncertainty Principle). In 1930 Cockcroft and Walton used a 200-kilovolt transformer to accelerate protons down a straight discharge tube, but they concluded that Gamow's tunnelling did not work and decided to seek higher energies.
To penetrate the nucleus, Cockcroft and Walton built a voltage multiplier that used an intricate stack of capacitors connected by rectifying diodes as switches. By opening and closing switches in proper sequence they could build up a potential of 800 kilovolts from a transformer of 200 kilovolts. They used the potential to accelerate protons down an evacuated tube eight feet long. In 1932 they put a lithium target at the end of the tube and found that protons disintegrated a lithium nucleus into two alpha particles. A Soviet team in Kharkov found the same result several months later."
The original Cockcroft-Walton voltage multiplier used mechanical switches in place of rectifiers, which I think is what we see in the machine on display at the London Museum of Science. See Emery cockcroftwalton.pdf, and The Particle Explosion
The Photo-Electric Experiment Light consists of particles called photons. The charge on an electroscope leaks off when the charged plate is exposed to ultraviolet light, which is caused by the photons giving escape energy to electrons on the plate of the electroscope. Heinrich Hertz had first noticed this effect while demonstrating the existence of electromagnetic waves using observation of sparks between charged spheres.
Nuclear Fission Otto Hahn, in Germany, split the atom, with theoretical aid from Lise Meitner, who had fled the Nazi's to Sweden.
Black Body Experiment
The nature of measured black body radiation, the Ultraviolet catastrophe, leads Plank to formulate a quantum theory of radiation.
Experiments toward verification of Spooky action at a distance predicted by Bell's Theorem Many believe these results, but there is still some skepticism.
Wu Experiment at Columbia University: Contradiction of Parity Conservation in the Weak Interaction C. S. Wu is best known for conducting the Wu experiment, which contradicted the Law of Conservation of Parity. This discovery earned the 1957 Nobel Prize in physics for her colleagues Tsung-Dao Lee and Chen-Ning Yang, and also earned Wu the inaugural Wolf Prize in Physics in 1978.
Torque on a Circuit
and τ = I r × (dl × B).
Define the magnetic moment of the circuit as
We will prove:
Lemma 1. r · dr = 0 and xdx = ydy = ydy = 0.
Proof. r · dr = ∇ × rda = 0.
Lemma 2.
(xdy + ydx) = (xdz + zdx) = (zdy + ydz) = 0.
Proof. For example, let U = yi + xj.
and the result follows from Stokes's Theorem. Proof of the proposition.
The second integral vanishes by the Lemma. On the other hand
When one expands these two terms, they are seen to be equal. For example
The equality is seen by using the lemmas. We get
5 Amperes' Law
Proof. We take the Curl of the Biot-Savart Law
We use the identity
Terms 2 and 3 are zero because J is a function of r 2 . We have
The first term is = µ 0 4π 4π
The second term is zero. Consider for example the x component. We have
We have assumed that there are no point current sources, i.e. ∇ · J = 0. The last integral is zero because all currents are zero outside of a bounded region contained in V .
The Vector Potential
If there are no magnetic monopoles, then
Then B is given by the curl of a vector field A B = ∇ × A. The vector potential for a distant circuit is obtained by using idr = Jdv and by expanding 1 |r − r | using the binomial theorem. Keeping linear terms we have
This is the potential of a magnetic dipole.
The Gyroscope
The formula for the torque on a magnetic dipole has a form similar to the formula for the torque on a gyroscope.
Larmour Precession
A spinning magnetic top will precess in a magnetic field due to the torque produced by the magnetic dipole moment. At the atomic level this leads to a finite set of energies which are sensed in the technique of Nuclear Magnetic Resonance, which produces a spectrum that allows identification of molecules in chemistry, and also is the principle of Magnetic Resonance Imaging.
9 NMR, Nuclear Magnetic Resonance (Also known as MRI, Magnetic Resonance Imaging, in order to avoid scaring the public with the word nuclear)
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